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Abstract 1 
Phytophagous insects with wide host ranges often exhibit host-associated genetic structure. 2 
The cotton aphid (Aphis gossypii) - a serious pest on many economically important crops 3 
worldwide - was proposed to be such a case. We used microsatellite analysis to assess the 4 
population structure of A. gossypii in Iran, including samples from five different host plants. We 5 
detected strong population subdivision with an overall multilocus FST of 0.191. The matrix of 6 
pairwise FST values indicated that differentiation between populations collected from different 7 
hosts was significantly str nger than between populations from the same hosts. Host-associated 8 
differentiation was further supported by Bayesian clustering analyses, which grouped all samples 9 
from cotton together with aubergine, and all samples from cucumber together with pumpkin and 10 
hibiscus. This adds to the growing body of evidence that many seemingly generalist aphids are in 11 
fact an assemblage of host-specialized lineages. Although we detected a clear genetic signature 12 
of clonal reproduction, the genotypic diversity of A. gossypii in Iran is much higher than in other 13 
parts of the world. Particularly samples from cotton exhibited a surprisingly high genotypic 14 
diversity, suggesting that many lineages on this host are cyclical parthenogens that engage in 15 
regular bouts of sexual reproduction. 16 
 17 
Keywords: Aphis gossypii, cyclical parthenogenesis, host specialization, microsatellites, 18 
phytophagous insects19 
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Introduction 20 
 21 
Phytophagous insects are often characterized by a highly specialized resource use. Yet the 22 
diet breadth within clades of phytophagous insects varies considerably and generalist species are 23 
by no means uncommon. In several cases, however, reciprocal transplant experiments or the 24 
application of population genetic markers revealed that presumed generalist species actually 25 
consisted of a number of host-adapted subpopulations with limited genetic exchange, typically 26 
referred to as host races (e.g. McPheron et al., 1988; Waring et al., 1990; Via, 1991; Emelianov 27 
et al., 1995). Such findings suggest that host-based diversification is ongoing in these species and 28 
that host race formation may represent a first step in ecological speciation (Berlocher & Feder, 29 
2002; Dres & Mallet, 2002).  30 
Intraspecific host specialization is also known from a number of aphid species, e.g. the pea 31 
aphid, Acyrthosiphon pisum (Via, 1991; Frantz et al., 2006; Ferrari et al., 2008) or the black bean 32 
aphid, Aphis fabae (Mackenzie, 1996; Raymond et al., 2001). The aphids' ancestral reproductive 33 
mode is cyclical parthenogenesis, with many asexual generations of viviparous females during 34 
spring and summer, followed by a single sexual generation of males and egg-laying females in 35 
autumn, which produce the overwintering eggs. The switch between sexual and asexual 36 
reproduction is associated with host alternation in several aphid species. Mating and egg laying 37 
take place on the primary host, typically a woody plant, from which the first parthenogenetic 38 
generations disperse to herbacous secondary hosts. Host specialization on different secondary 39 
hosts is especially intriguing in host-alternating species like A. fabae, for example, because all 40 
lineages return to the same primary host in autum and presumably interbreed. However, many 41 
aphid species show numerous and irreversible transitions from cyclical to obligate 42 
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 4 
parthenogenesis, especially in warmer parts of the world (Simon et al., 2002), which entails that 43 
their life-cycle no longer requires a primary host. 44 
Aphids are severe pests of agriculture, horticulture and forestry (Blackman & Eastop, 45 
2000). The cotton aphid, Aphis gossypii Glover (Homoptera: Aphididae), is a polyphagous 46 
species with a worldwide distribution. It is a major pest of many important crops, including 47 
cotton, cucurbits, citrus, aubergine, potato, okra and many ornamental plants. It causes the 48 
greatest problems in European cucumber greenhouses (van Steenis & El-Khawass, 1995; 49 
Blackman & Eastop, 2000). In addition to damage caused by feeding and honeydew production, 50 
A. gossypii also transmits more than 50 plant viruses (Ebert & Cartwright, 1997; Blackman & 51 
Eastop, 2000). In Iran, A. gossypii is an important pest of cotton, cucurbits and greenhouse plants 52 
(Mojeni & Rezvani, 1996; Razmjou et al., 2006; Zamani et al., 2006). The taxonomic status of A. 53 
gossypii is problematic. It is highly variable not only in its morphology, but also in its life cycle 54 
and ecological characteristics (Blackman & Eastop, 2000). For example, temperature-dependent 55 
development and fecundity differ between lines collected from different host plants and 56 
geographic regions (van Steenis & El-Khwass, 1995; Kersting et al., 1999; Razmjou et al., 2006; 57 
Zamani et al., 2006). In addition, several studies provided strong evidence that genetically 58 
distinct host races exist in A. gossypii (Vanlerberghe-Masutti & Chavigny, 1998; Blackman & 59 
Eastop, 2000). Distinct forms of A. gossypii are reported from chrysanthemum and cucumber in 60 
Europe, with clones collected from cucumber performing poorly on chrysanthemum and vice 61 
versa (Guldemond et al., 1994). Of particular interest are two recent genetic surveys of A. 62 
gossypii populations in North Cameroon and Tunisia, employing microsatellites (Brévault et al., 63 
2008; Charaabi et al., 2008). Both studies revealed an extremely low genotypic diversity, 64 
consistent with obligate parthenogenesis in this species, and strong host specialization with 65 
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 5 
specific clonal genotypes being associated with certain host plants or plant families. To assess 66 
whether obligate asexuality and strong host-specialization at the level of individual genotypes 67 
also characterise A. gossypii in other parts of its distribution, we studied the genetic diversity of 68 
this pest from different host plants and several regions of Iran.  69 
 70 
Materials and Methods 71 
 72 
Sample collection  73 
Samples of A. gossypii used in this study were collected in Iran during August and 74 
September 2003 and 2004. Eighteen to 28 individuals were obtained from each location and host 75 
plant. Overall, we sampled 11 populations of A. gossypii on the basis of location/host plant (Fig. 76 
1; Table 1). Aphids from the same individual plant were considered one sample and only one 77 
individual per sample was analyzed. Samples were taken no closer than one meter apart to avoid 78 
sampling the offspring of a single female. The samples were stored at -20°C or preserved in 75% 79 
ethanol and kept at 4°C prior to DNA extraction. In total, 245 individuals were genotyped. 80 
 81 
DNA Extraction 82 
DNA isolation was performed following the Chelex (5%) method according to 83 
Vanlerberghe-Masutti & Chavigny (1998). Aphids were crushed with a sterilized pipette in 1.5 84 
mL Eppendorf tubes before 200 µL of a 5% (w/v) Chelex resin solution (Bio-Rad Laboratories) 85 
were added. The tube was heated to 56°C for 30 min, then 96°C for 5 min, vortexed and 86 
centrifuged for a few seconds. The supernatant was diluted 10 times and stored at -20°C until use 87 
as template DNA in PCRs. 88 
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 89 
Microsatellite analysis 90 
Our samples were genotyped at four microsatellite loci: Ago53, Ago59, Ago66 and Ago69 91 
(Vanlerberghe-Masutti et al., 1999). PCR reactions were performed in 15 µL volumes containing 92 
0.6 units of Taq polymerase, 1x Mg2+ free reaction buffer, 1.5 mM MgCl2, 200 µM dNTPs 93 
(Promega), 18 pmol of each primer and 1.5 µL of aphid template DNA (approximately 10 ng). 94 
Cycling conditions were as follows: initial denaturation at 94°C for 5 min; followed by 35 cycles 95 
of denaturation at 94°C for 1 min, locus-specific annealing temperature (Ago69: 65°C; other 96 
loci: 67°C) for 1 min and elongation at 74°C for 30 s; and a final extension step at 74°C for 5 97 
min. PCR products were denatured at 94°C for 3 min and separated on 6% polyacrylamide urea 98 
gel at 75 Watt constant power using a sequencing apparatus (Bio-Rad Laboratories). After 99 
electrophoresis, PCR products were visualized by silver-staining using a procedure as described 100 
by Promega (1993). Allele sizes were determined with reference to ladders V and VIII by Roche 101 
Ltd. 102 
 103 
Genetic analyses 104 
We used the software FSTAT 2.9.3 (Goudet, 2001) to calculate expected and observed 105 
heterozygosities and test for deviations from linkage and Hardy-Weinberg equilibria. Because 106 
the clonal amplification of genotypes inevitably leads to deviations from genetic equilibria 107 
(Sunnucks et al., 1997, Halkett et al., 2005), these analyses were done without clonal copies, i.e. 108 
with the data reduced to a single representative of each multilocus genotype per population. F-109 
statistics (Weir & Cockerham, 1984) were also calculated with FSTAT. To test for the possible 110 
occurrence of null alleles at the microsatellite loci, we applied the software MICRO-CHECKER 111 
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 7 
(van Oosterhout et al., 2004). The programs GENOTYPE and GENODIVE (Meirmans & van 112 
Tienderen, 2004) were used to identify identical genotypes and calculate clonal diversity 113 
statistics. 114 
To explore our data for genetic signatures of host specialization, we used three different 115 
approaches. First, we estimated the relative contributions of the factors sampling site and host 116 
plant to the observed variance in allele frequencies with a hierarchical analysis of molecular 117 
variance (AMOVA) using ARLEQUIN 3.1 (Excoffier et al., 2005). Then we tested whether 118 
genetic differentiation was stronger between samples collected from different host plants than 119 
between samples from the same plant. For this we used a partial Mantel test implemented in the 120 
software ZT (Bonnet & Van de Peer, 2002), comparing the matrix of pairwise differentiation 121 
expressed as FST/(1 – FST) (Rousset, 1997) with a matrix expressing whether two samples were 122 
from the same or different plants, while controlling for the effect of geographic distances.  123 
Finally, we inferred population structure without prior knowledge of the genotypes' site- 124 
and host-association using a Bayesian clustering algorithm as implemented in the software 125 
STRUCTURE 2.1 (Pritchard et al., 2000, Falush et al., 2003). This method assumes that within 126 
populations, loci are at Hardy-Weinberg and linkage equilibrium. However, it was shown that it 127 
allows meaningful inference even when applied to organisms with clonal or partially clonal 128 
reproduction, where these assumptions are frequently violated (e.g. Halkett et al., 2005; 129 
Delmotte et al., 2008). Carlsson (2008) has further shown that microsatellite null alleles have 130 
very small effects on the accuracy of assignment and on conclusions regarding the presence or 131 
absence of genetic differentiation based on this method. For all simulations, the admixture model 132 
and uninformative priors were used. We varied the number of genetic clusters (K) from 1 to 11 133 
and ran five independent simulations for each K with a burn-in period of 50'000 iterations 134 
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 8 
followed by another 50'000 iterations. The most probable number of genetic clusters based on 135 
the log probability of the data was inferred following the method of Evanno et al. (2005). Based 136 
on a histogram of assignment probabilities, we decided to consider a genotype as assigned to a 137 
single cluster if its assignment probability to that cluster was greater than 80%. To assess the 138 
robustness of the results from our relatively short simulations we also ran five independent 139 
simulations with 750'000 MCMC steps after a burn-in of 500'000 iterations for the more likely 140 
values of K = 1-5. The results were extremely similar. We used the assignment probabilities 141 
form the longer runs for the graphical illustration of the results. 142 
 143 
Results 144 
Genic and genotypic diversity 145 
The number of alleles detected at the four microsatellite loci ranged between two and six 146 
(Table 2). Among the 245 individuals, a total of 118 different multilocus genotypes could be 147 
distinguished. We refer to these as clones, although we acknowledge that with the limited 148 
resolution provided by the four loci, we are likely to underestimate the true number of different 149 
clones. Without clonal copies, i.e. with population samples reduced to a single representative of 150 
each clone, we detected no significant deviations from linkage equilibrium between any of the 151 
loci. However, some marked deviations from Hardy-Weinberg equilibrium were observed. 152 
Ago53 and Ago66 exhibited excess heterozygosity in most populations, which is reflected in 153 
negative values for overall FIS (Table 2), whereas Ago69 exhibited significant homozygote 154 
excess (Table 2). Heterozygote excess is commonly found in aphid populations that contain a 155 
substantial fraction of obligately parthenogenetic genotypes (e.g. Delmotte et al., 2002; 156 
Vorburger et al., 2003; Halkett et al., 2005). It appears to be a consequence of the accumulation 157 
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of microsatellite mutations in lines that undergo long-term parthenogenesis (Wilson et al., 2003). 158 
Excess homozygosity is unusual, however, and may be caused by null alleles. Indeed, the 159 
analysis with MICRO-CHECKER provided evidence for the presence of null alleles at locus 160 
Ago69 in two populations, FCu and VC (Table 1). We therefore adjusted the allele frequencies at 161 
this locus according to van Oosterhout's correction provided by the software and re-ran several 162 
analyses to assess whether null alleles at this locus affected any of our conclusions. 163 
 164 
Host-associated population structure 165 
The overall multilocus FST value of 0.191 (0.193 after adjusting for null alleles) is highly 166 
significant and indicates substantial population structure. The matrix of pairwise FST values 167 
shows high values particularly among populations collected from different hosts (Table 3). 168 
Indeed, the partial Mantel test indicates that population samples from different hosts are more 169 
differentiated than samples from the same host plant (r = 0.359, P = 0.006), a result that is 170 
virtually unchanged by correction for null alleles (r = 0.346, P = 0.007). Host-based genetic 171 
differentiation is further supported by AMOVA, showing that host plant nested within site 172 
explains 18.8% of the the variance in allele frequencies, whereas site only explains 0.4% (site: 173 
VC = 0.005, df = 6, P = 0.379; plant within site: VC = 0.220, df = 4, P < 0.001; within plant: VC 174 
= 0.944, df = 271, P < 0.001). However, this analysis should be interpreted with caution because 175 
it partially confounds geographic and host-based variation, as several samples represented just a 176 
single host from a single site (see Table 1). 177 
The distribution of the log-likelihoods for the number of genetic clusters (K) from the 178 
Bayesian clustering analysis with STRUCTURE peaked at estimates of K = 2 – 3. However, with 179 
K = 3, only 66.0% of individuals could be assigned to one of the clusters with more than 80% 180 
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probability, whereas 86.5% could be assigned with K = 2. The ∆K method by Evanno et al. 181 
(2005) also favoured K = 2 over K = 3 with a seven-fold higher value of ∆K. The assignment to 182 
these two clusters with respect to host plant is illustrated in Figure 2a: Most genotypes collected 183 
from cucumber, pumpkin and hibiscus were assigned to cluster 2, while all genotypes from 184 
aubergine and most genotypes from cotton were assigned to cluster 1. Figure 2 further shows that 185 
only individuals from cotton comprised a substantial fraction of genotypes that could not be 186 
assigned confidently to one of the two clusters, and that samples from cucumber, pumpkin and 187 
hibiscus each contained one or two apparent migrants, i.e. genotypes assigned to cluster 1. Under 188 
K = 3 (Fig. 2b), individuals from aubergine, cucumber, pumpkin and hibiscus remained well-189 
defined groups, with those from aubergine assigned to cluster 1, and those from the latter three 190 
hosts assigned to cluster 3 (except the putative migrants). Genotypes assigned with high 191 
probability to cluster 2 were only found on cotton, yet overall, individuals from cotton 192 
represented a poorly defined group under K = 3.  193 
 194 
Distribution of multilocus genotypes 195 
Of the 118 different multilocus genotypes (MLGs) that could be distinguished, 35 were 196 
collected more than once. Most of those genotypes were only locally abundant, although 11 were 197 
collected at more than one sampling site. The suspected host specialization was also reflected by 198 
the common genotypes. Only nine genotypes were collected on more than one host, and in only 199 
two of those cases did this include hosts from both putative groups of plants indicated by the 200 
clustering analyses. Genotype nr. 1 was collected from aubergine as well as cucumber, and 201 
genotype nr. 27 was found on cotton, cucumber and pumpkin. The distribution of the most 202 
common genotypes (collected ≥ 5 times) among our samples is detailed in Table 4.  203 
Page 10 of 27Entomologia Experimentalis et Applicata
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
 11 
Interestingly, the clonal diversity appeared to differ among hosts. With the exception of site 204 
Kashmar, samples from cotton were very diverse, containing nearly as many genotypes as 205 
individuals (Table 1). Samples from other hosts comprised many copies of the same multilocus 206 
genotypes. The simplest measure of clonal diversity is the G/N ratio, the number of genotypes 207 
divided by the number of individuals (Table 1). Comparing this measure between cotton and 208 
cucumber, for which we had four samples each, there was indeed a significant difference (Mann-209 
Whitney U-test, P = 0.029). 210 
 211 
Discussion  212 
 213 
Our microsatellite analysis detected strong population structure in Iranian A. gossypii, with 214 
a clear genetic signature of host specialization. The main split appears to be between genotypes 215 
associated with aubergine and cotton and genotypes associated with cucurbits (cucumber and 216 
pumpkin) and hibiscus. We cannot exclude that there may be further substructure within the first 217 
group as the Bayesinan clustering analysis provided some evidence for a third genetic cluster 218 
associated with cotton. 219 
Host-related genetic structure in general, and a genetic differentiation between aphids from 220 
cotton and cucurbits in particular, are consistent with results from Vanlerberghe-Masutti & 221 
Chavigny (1998). In their study using RAPD fingerprints, they detected genetic differentiation 222 
among cucurbit and non-cucurbit hosts and distinctively different profiles between A. gossypii 223 
from cotton and cucumber collected in Laos. This is further supported by a microsatellite study 224 
on A. gossypii in northern Cameroon, where cotton and cucurbits were found to be colonized by 225 
distinct groups of clonal genotypes (Brévault et al., 2008). A similar study on A. gossypii from 226 
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Tunisia suggested even finer diversification, as specific clonal genotypes were associated with 227 
each of four plant families studied (Charaabi et al., 2008). What is remarkably different in our 228 
study is the much higher genotypic diversity. Despite the limited resolution provided by only 229 
four microsatellite loci, we could distinguish 118 different multilocus genotypes among the 245 230 
individuals analysed. With a higher resolution from using eight microsatellites, the studies by 231 
Brévault et al (2008) and Charaabi et al. (2008) each detected only 11 multilocus genotypes (one 232 
found in both studies) in large samples of 1176 and 559 individuals, respectively. A number of 233 
genetic surveys of several species of aphids have shown that such a low genotypic diversity is a 234 
characteristic of populations consisting of obligate parthenogens (Sunnucks et al.,. 1996; Fenton 235 
et al., 1998, Fuller et al., 1999; Wilson et al., 1999; Llewellyn et al., 2003, Vorburger et al., 236 
2003). Samples from aphid populations that reproduce predominantly by cyclical 237 
parthenogenesis are more diverse and largely consist of unique genotypes, despite the fact that 238 
also cyclical parthenogens are clonal during the growth season (Delmotte et al., 2002; Wilson et 239 
al., 2002). Aphis gossypii was thought to reproduce by obligate parthenogenesis in most parts of 240 
the world (Blackman & Eastop, 2000), yet there are reports of sexual reproduction of this species 241 
from North America and East Asia, where it may utilise several unrelated plants as primary 242 
hosts, such as members of the genera Catalpa, Celastrus, Hibiscus, Punica and Rhamnus 243 
(summarised in Blackman & Eastop, 2007). Particularly interesting is a report of cyclical 244 
parthenogenesis without host alternation of this species on cotton in China (Zhang & Zhong, 245 
1982). The comparatively high genotypic diversity detected in our study suggests that the 246 
Caspian Sea region of the Middle East should be added to the list of areas where cyclical 247 
parthenogenesis of A. gossypii may occur. Much of this diversity was found in samples from 248 
cotton, which were more diverse on average than samples from other hosts. The cotton sample 249 
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from Varamin, for example, contained as many genotypes as individuals (Table 1). This strongly 250 
indicates that cotton-infesting aphids in Iran do engage in sexual reproduction, i.e. comprise 251 
cyclically parthenogenetic lineages. Whether these lineages exhibit host-alternation, remains to 252 
be investigated. 253 
Another unexpected result from our study is that genotypes from hibiscus mostly clustered 254 
with genotypes collected from cucurbits and differed from those on aubergine and cotton. This is 255 
interesting because hibiscus and cotton belong to the same plant family (Malvaceae). Hibiscus is 256 
one of the plants found to be used as a primary host by cyclical parthenogens in North America 257 
and East Asia (Blackman & Eastop, 2007). However, it is unlikely that the observed association 258 
of cucurbit- and hibiscus-feeding aphids in Iran can be explained by cucurbit-specialized aphids 259 
using hibiscus as a primary host. First of all, the samples from hibiscus were collected in mid-260 
summer, when cyclical parthenogens of A. gossypii should already have dispersed to their 261 
secondary hosts. Secondly, population samples from cucurbits exhibited a rather low clonal 262 
diversity with many genotypes occurring in multiple copies (Table 1). Thus it seems that the 263 
aphids from hibiscus in the present study used hibiscus as a secondary host and belong to the 264 
same genetic cluster as those collected from cucurbits. 265 
Aphids collected from cotton represented the genetically most heterogeneous group. They 266 
comprised at least a few individuals from all clusters and most of those genotypes that could not 267 
be confidently assigned in the Bayesian clustering analyses. It was reported that A. gossypii from 268 
cucumber could not be reared on chrysanthemum (a host we did not sample from), and vice 269 
versa, but that aphids from both of these hosts could be reared on cotton (Guldemond et al., 270 
1994). Together, these findings suggest that cotton may be a host plant that is suitable for more 271 
than just one host race of A. gossypii, which could also explain the high proportion of apparently 272 
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admixed genotypes on cotton. A similar scenario has been suggested for the pea aphid, in which 273 
there are many host-specialized sub-populations that all perform well on the 'universal host' Vicia 274 
faba (Ferrari et al., 2008). This situation differs somewhat from that reported by Brévault et al. 275 
(2008), who found that cotton was only colonized by very few clones in Cameroon, yet this may 276 
simply reflect the much lower genotypic diversity there. 277 
To summarize, we show strong host-associated genetic differentiation within the 278 
polyphagous aphid A. gossypii. This adds to the growing body of evidence that many seemingly 279 
generalist aphids are in fact an assemblage of host-specialized lineages (Via, 1991; Guldemond 280 
et al., 1994; Mackenzie, 1996; Sunnucks et al., 1997; Gorur et al., 2005; Frantz et al., 2006; 281 
Lozier et al., 2007), and it suggests that A. gossypii may be in the process of incipient speciation. 282 
We further provide genetic evidence for sexual reproduction of A. gossypii in Iran. The Middle 283 
East may thus represent a source of genotypic variation for this globally distributed pest. 284 
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Table 1. Collection information for the 11 population samples included in this study. N = 
number of individuals genotyped, G = number of different multilocus genotypes in the 
sample. 
 
Sample code Location Host plant Collection date N G G/N ratio 
FAu Faculty (Tehran) aubergine 08.9.2004 20 6 0.30 
FCu Faculty (Tehran) cucumber 08.9.2004 27 12 0.44 
GC Gorgan cotton 19.8.2004 22 16 0.73 
KC Kashmar cotton 18.8.2004 20 9 0.45 
MC Moghan cotton 02.8.2005 25 24 0.96 
MCu Moghan cucumber 02.8.2005 19 8 0.42 
MH Moghan hibiscus 02.8.2005 19 12 0.63 
MP Moghan pumpkin 02.8.2005 18 10 0.56 
PCu Pishva cucumber 07.9.2004 22 6 0.27 
SCu Shahryar cucumber 09.9.2004 25 9 0.36 
VC Varamin cotton 07.9.2004 28 28 1.00 
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Table 2. Number of alleles, expected and observed heterozygosities and Weir and Cockerham's 
(1984) F-statistics for the four loci used in this study. 
 
Locus No. alleles HE HO FIT FIS FST 
Ago53 2 0.196 0.228 -0.037 -0.113 0.068*** 
Ago59 6 0.523 0.497 0.249*** 0.094 0.171*** 
Ago66 4 0.486 0.628 -0.019 -0.271*** 0.198*** 
Ago69 4 0.485 0.385 0.462*** 0.286*** 0.246*** 
overall 4 0.423 0.434 0.210*** 0.024 0.191*** 
*P < 0.05, **P < 0.01, ***P < 0.001 
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Tab. 3. Pairwise FST values among 11 samples of Aphis gossypii from Iran, arranged by host plant. 
 
  Cotton  Cucumber  Pumpkin  Aubergine 
  Gorgan Kashmar Moghan Varamin  Faculty Moghan Pishva Shahryar  Moghan  Faculty 
Cotton Gorgan              
 Kashmar 0.177***             
 Moghan 0.057*** 0.147***            
 Varamin 0.157*** 0.178*** 0.058***           
Cucumber Faculty 0.288*** 0.295*** 0.211*** 0.173***          
 Moghan 0.242*** 0.445*** 0.239*** 0.275***  0.266***        
 Pishva 0.212*** 0.356*** 0.185*** 0.132***  0.063NS 0.121*       
 Shahryar 0.269*** 0.302*** 0.225*** 0.138***  0.128* 0.228*** 0.048NS      
Pumpkin Moghan 0.141*** 0.362*** 0.178*** 0.209***  0.177** 0.022NS 0.014NS 0.181***     
Aubergine Faculty 0.201*** 0.199** 0.167*** 0.244***  0.287*** 0.525*** 0.400** 0.461***  0.350***   
Hibiscus Moghan 0.200*** 0.305*** 0.173*** 0.187***  0.124*** 0.122*** 0.082** 0.198***  0.048NS  0.279*** 
*P < 0.05, **P < 0.01, ***P < 0.001 
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Table 4. Distribution of multilocus genotypes that were collected at least five times among the 11 Iranian samples of Aphis gossypii. 
Genotype numbers are as assigned by the software GENOTYPE. 
  Cotton  Cucumber  Pumpkin  Aubergine  Hibiscus 
Genotype nr. Total N Gorgan Kashmar Moghan Varamin  Faculty Moghan Pishva Shahryar  Moghan  Faculty  Moghan 
7 16      1  13 2       
1 10      1       9   
8 10      6  3 1       
2 8  2           6   
10 8      8          
65 8       5    3     
89 8         8       
64 7       4    3     
34 6  6              
5 5 1 2           2   
9 5      2  2 1       
27 5 1      1    3     
69 5       1 2 2       
71 5               5 
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Figure captions 
 
Fig 1. Map of Iran showing the collection sites of A. gossypii and the host plants sampled 
at the different sites.   
 
Fig. 2. Bar plots illustrating the results from the Bayesian clustering analysis in 
STRUCTURE 2.1, using (a) K = 2 clusters or (b) K = 3 clusters. Each genotype is 
represented by a thin vertical bar with different colours representing the assignment 
probabilities to each of the clusters. The analysis was performed without clonal copies, 
i.e. with a data set reduced to a single representative of each multilocus genotype per 
population. 
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